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Abstract
Objective
The current study was conducted to assess experienced risk factors and perceptions of
mycobacterial diseases in communities in northern Tanzania.
Methods
We conducted a cross-sectional study in Arusha and Manyara regions in Northern Tanza-
nia. We enrolled tuberculosis (TB) patients attending Mount Meru Hospital, Enduleni Hospi-
tal and Haydom Lutheran Hospitals in Arusha municipality, Ngorongoro and Mbulu districts,
respectively. Patient addresses were recorded during their first visit to the hospitals.
Patients with confirmed diagnosis of TB by sputum smear microscopy and/or culture at cen-
tral laboratory were followed up and interviewed using pre-tested questionnaires, and
selected relatives and neighbors were also interviewed. The study was conducted between
June 2011 and May 2013.
Results
The study involved 164 respondents: 41(25%) were TB patients, 68(41.5%) were their rela-
tives and 55(33.5%) their neighbors. Sixty four (39%) knew a risk factor for mycobacterial
disease. Overall, 64(39%) perceived to be at risk of mycobacterial diseases. Exposure to
potential risks of mycobacterial diseases were: keeping livestock, not boiling drinking water,
large family, smoking and sharing dwelling with TB patients. Rural dwellers were more often
livestock keepers (p<0.01), more often shared dwelling with livestock (p<0.01) than urban
dwellers. More primary school leavers reported sharing dwelling with TB patients than par-
ticipants with secondary and higher education (p = 0.01).
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Conclusion
Livestock keeping, sharing dwelling with livestock, sharing household with a TB patient
were perceived risk factors for mycobacterial diseases and the participants were exposed
to some of these risk factors. Improving knowledge about the risk factors may protect them
from these serious diseases.
Background
Mycobacterial infection is a global public health problem in humans, animal populations and
ecosystems, particularly in developing countries [1,2].Mycobacterium tuberculosis (MTB) is
the principal cause of human tuberculosis worldwide [3], but environmental mycobacteria
(non-tuberculous mycobacteria, NTM) are opportunistic pathogens whose role in human and
animal disease is increasingly recognized [4].Mycobacterium bovis and a wide range of species
of NTM have been isolated and characterized from environment shared by humans and ani-
mals [3, 5, 6]. Many mycobacterial infections are preventable and the associated diseases are
treatable with multiple special antibiotics for a long duration [7].
In the last few decades, the incidence of classical tuberculosis in humans has been on the
increase alongside tuberculosis-like disease caused by environmental mycobacteria [8,9]. Tan-
zania ranks fourteenth among TB high burdened countries in the world [2]. A total of 65,732
cases of all forms were notified in 2013, which shows an increase of 1,840 cases or 2.9 percent
compared to the year 2012. The notification rate of tuberculosis (all forms) in 2013 remained
at 142 cases per 100,000 populations as for the year 2012. Notification rate of new smear posi-
tive tuberculosis cases decreased from 56 to 53 cases per 100,000. This however, shows that TB
is still a major burden in the country [10]. In the HIV/AIDS era, mycobacterial infections have
become a subject of interest because of their potential co-infection with HIV/AIDS [11]. It has
been estimated that one-third of HIV/AIDS deaths are due to mycobacterial diseases, particu-
larly tuberculosis [12].
The human-mycobacterial interaction with its impact on human health is complex and
likely broader than currently recognized [1]. Human activities are likely to influence the distri-
bution and prevalence of mycobacteria. The role of open water sources with its livestock/wild-
life as reservoirs of infections to human are well documented [11,13]. In agropastoral
ecosystems with close interaction between humans, livestock and wildlife affects the health of
humans. These semi-arid areas in general suffer from poor quality pastures and seasonal water
availability [4]. In such areas, large herds of cattle, domestic animals such as goats and sheep,
wildlife, and humans all share the same environment, providing opportunities for close interac-
tion and potential risk of mycobacterial infection to these communities [12].
Effective prevention and control measures of mycobacterial diseases require comprehensive ini-
tiatives that address the primary barriers for the prevention of mycobacterial infection. In this
regard it is important to understand the perceptions that influence behavior and response to myco-
bacterial diseases. Knowledge about risk factors for TB has been studied in Tanzania, but informa-
tion on potential risk factors of mycobacterial diseases in general for individuals, families and
communities in the most at-risk areas of Tanzania is limited. This study aims to study selected
socio-cultural risk factors and knowledge about them in this area. Our specific objectives were to
assess the following among TB patients, their relatives and neighbors in three selected districts with
many agropastoralists in Tanzania: 1) their knowledge about some known risk factors; 2) their
exposure to these risk factors; 3) the association between exposure to risk and their risk perception.
Risk of Mycobacterial Infection in Tanzania
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Methods
Design
We conducted a cross-sectional study to assess knowledge and exposure to risks of mycobacte-
rial infections among TB patients, their relatives and neighbors.
Setting
The study was conducted in the catchment areas of 3 hospitals in Northern Tanzania: Mount
Meru Hospital in Arusha municipal, Enduleni Catholic Hospital in Ngorongoro district and in
Haydom Lutheran Hospital in Mbulu district. The TB patients were enrolled from these hospi-
tals. According to the 2012 Census the selected districts had a population of 650,370 [14]. The
notification rate of all types of TB in Arusha and Manyara regions in 2011 were between 150–
199 per 100 000 population [15]. Prominent local tribes include the Maasai in Ngorongoro, the
Arusha and the Meru in Arusha, and the Datoga and the Iraqw in Mbulu district, and many
homes in all these groups are agropastoralists.
Sampling of the study subjects
This study was part of a larger study where a total of 1,711 eligible TB suspects attending the
three selected health facilities were enrolled for a study on diagnostics of mycobacterial infec-
tions. Sputum samples from the enrolled participants were processed and examined for smear
microscopy at the local health facility to allow case management; this information was not used
in this study. At the same time, another sample from the enrolled patients was collected and
send to the Central Tuberculosis Reference Laboratory (CTRL) in Dar es Salaam for smear
microscopy culture and drug sensitivity testing was also done for all positive isolates. From the
1,711 TB suspects, there were 277 proven TB patients from whom we selected participants.
The inclusion criteria for TB patients in this study were: 1) smear or culture positive samples;
2) residents of the study area; 3) consenting to participate; 4) traceable by mobile phone and
address recorded at the health facility. Using patient addresses recorded at the health facility
during the initial visit, the patients were listed for follow up and interviews to assess their expe-
riences and perception on mycobacterial diseases. Prior to visits for interview patients were
called by phone and consent was requested. For each consenting TB patient, relatives who were
present and neighbors living in the vicinity were also interviewed.
Data collection
Data was collected using two structured questionnaires: one for patients and one for relatives
and neighbors. The questionnaires included standard questions adapted from previous studies
[16] and some developed based on existing literature [17]. The questionnaires were translated
into Swahili (the national language) and pre-tested for clarity and cultural acceptability, and
the information collected was as follows: Baseline information including sex, age, area of resi-
dence, marital status, occupation and level of education; perceptions on selected risk factors for
mycobacterial infections, like number of people sharing a dwelling, history of sharing house
with a person with TB, past history of TB infection, smoking and livestock keeping, consump-
tion of raw animal products, household primary source of water, source of drinking water for
animals/livestock, and preparation of drinking water for the family. Some known risk situa-
tions assessed in this study are listed in Table 1 [12,18,19]. Eligible TB patients were enrolled
between June 2011 and May 2012, relatives and neighbors between 2012 and 2013.
Risk of Mycobacterial Infection in Tanzania
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Ethical considerations
Ethics approval was given by the National Health Research Ethics Review Committee of the
National Institute for Medical Research in Tanzania. Both regional and district administrative
officials gave permission to conduct the study in their areas. All respondents were asked to sign
a consent form prior to participation in the study.
Data management and analysis
All responses in the study questionnaires were coded and double entered in Epi-data version
3.1. Data was transferred to Statistical Package for Social Sciences version 18 for windows
(SPSS Inc, Chicago, USA) for analysis. Pearson Chi square statistics test was used to compare
categorical variables. Significance level was set at p<0.05.
Results
In Table 2 we present a summary of the socio-demographic characteristics of the study partici-
pants. The study involved 164 respondents of whom 41(25%) were confirmed TB patients and
68(41.5%) were their relatives and 55(33.5%) their neighbors. The mean age of the study partic-
ipants was 39 (range 14–76) years.
Knowledge about some known risk factors
Table 3 shows the responses by the three groups of participants to questions about risk factors
for mycobacterial diseases. Overall, 61% of the 164 respondents reported that they did not
know any risk factor for mycobacterial diseases: 49% of TB patients, 59% of relatives and 73%
of neighbors. Living with a person who had TB, sharing eating and drinking utensils, and hav-
ing infectious diseases were risk factors known for the infections.
Perception of being at risk from mycobacterial diseases
Overall, 64(39%) of the 164 study participants perceived to be at risk from mycobacterial dis-
eases; 51% of the TB patients, 41% of the relatives and 27% of the neighbors. In Table 4 we
present the respondents’ perceptions of being at risk from mycobacterial diseases by demo-
graphic characteristics. A smaller fraction of the neighbors than the patients felt at risk. Com-
pared to the age group over 50 years, a smaller proportion of those aged 21–30 years felt at risk.
Respondent’s marital status, level of education, residence and occupation were not significantly
associated with perception of being at risk from mycobacterial diseases.
Table 1. Situations associated with risk of mycobacterial diseases (references in brackets).
Livestock keeping [3,4]
Never boil, ﬁlter or treat drinking water [4]
Large family 5 individuals [4]
Smoker or ex-smoker [4,18]
Sharing dwelling with a TB patient [4]
Sharing water source with animals [4]
Sharing dwelling with livestock [4]
Sleeping 4 individuals in one room [4]
Consume raw milk [12,13]
Consume raw meat [18,19]
Consume raw blood [4]
doi:10.1371/journal.pone.0130180.t001
Risk of Mycobacterial Infection in Tanzania
PLOS ONE | DOI:10.1371/journal.pone.0130180 June 24, 2015 4 / 10
Association between perceived risk and exposure to potential risks of
mycobacteria
We asked the participants about eleven practices with some inherent risk of exposure to myco-
bacteria, listed in Table 1. In Table 5 we display some of these common situations with risk of
exposure to mycobacteria and the reported perceptions of risks for mycobacterial diseases by
the study respondents. Respondents who do not boil, filter or treat their drinking water consid-
ered themselves to be at risk of mycobacterial diseases (p = 0.05); so also did the respondents
who had shared dwelling with a known TB patient (p<0.01). Participants who had shared
dwelling with TB patients felt more at risk (p<0.01) as did livestock keepers (p<0.01) and
those who never boil or treat their drinking water (p = 0.05). Other associations were not statis-
tically significant. Rural dwellers were more often livestock keepers and more exposed to this
potential source of infection (p<0.01), and they shared dwelling with livestock more frequently
than urban dwellers (p<0.01). Males and females had similar exposures to situations with
Table 2. Socio-demographic characteristics of study participants by study group in northern Tanzania, 2011–12.
Characteristic Total TB patients Relatives Neighbors
n (%) n (%) n (%) n (%)
Sex
Male 84 (51) 24 (58) 28 (41) 32 (58)
Female 80 (49) 17 (42) 40 (59) 23 (42)
Age group
20 14 (9) 4 (10) 7 (10) 3 (6)
21–30 39 (24) 6 (15) 17 (25) 16 (29)
31–40 46 (28) 12 (29) 19 (28) 15 (27)
41–50 26 (16) 3 (7) 14 (21) 9 (16)
>50 39 (24) 16 (39) 11 (16) 12 (22)
Marital status
Married 119 (73) 26 (63) 52 (77) 41 (75)
Others (single, widow) 45 (27) 15 (37) 16 (23) 14 (25)
Region
Arusha 59 (36) 19 (46) 25 (37) 15 (27)
Manyara 105 (64) 22 (54) 43 (63) 40 (73)
District
Mbulu 106 (65) 22 (54) 43 (63) 41 (75)
Ngorongoro 18 (11) 2 (5) 10 (15) 6 (11)
Arusha 40 (24) 17 (41) 15 (22) 8 (14)
Level of education
No formal education 38 (23) 13 (32) 19 (28) 6 (11)
Primary 99 (60) 19 (46) 44 (65) 36 (65)
Secondary and above 27 (17) 9 (22) 5 (7) 13 (24)
Residence
Urban 47 (29) 20 (49) 17 (25) 10 (18)
Rural 117 (71) 21 (51) 51 (75) 45 (82)
Occupation
Peasant 117 (71) 23 (56) 53 (78) 41 (75)
Employed 13 (8) 2 (5) 4 (6) 7 (13)
Business 23 (14) 10 (24) 8 (12) 5 (9)
None 11 (7) 6 (15) 3 (4) 2 (4)
doi:10.1371/journal.pone.0130180.t002
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potential exposure, although more males consumed raw meat (14: 23%) than females (4: 8%,
p = 0.05). Patients and relatives and neighbors had similar exposure. There were more livestock
keepers among participants in Mbulu (67; 41%) than in Ngorongoro (10; 6%) and Arusha dis-
tricts (11; 7%), (p<0.01). A higher proportion of participants who had (at least started) pri-
mary school education had shared dwelling with TB patients than those without any schooling
(p = 0.01).
Discussion
Studies focusing on individual experience on situations and perceived risks of mycobacterial
diseases in rural and urban agropastoral communities in Tanzania are limited. The current
study shows that livestock keeping, sharing dwelling with livestock, sharing household with a
TB patient, living in congested households and consumption of raw meat were the main poten-
tial exposures for mycobacterial diseases in the study area. Similarly, rural residence, being a
male, a peasant and holding a primary school education were significant socio-demographic
characteristics associated with exposure to risky practices. The study shows that sixty one per-
cent of the respondents did not perceive that they were at risk of being infected with
mycobacteria.
Previous studies have shown that individuals who perceive to be at risk of contracting a dis-
ease are likely to take measures to protect themselves against the disease [20]. Sixty percent of
our study participants consider themselves not at risk, and were therefore not likely to take any
measures for protection from mycobacterial diseases. Overcrowding is a known risk factor for
TB [21–23], and we found that almost half of the participants were living in houses with many
persons; however, less than 15% shared sleeping room with four or more.
Despite evidence indicating that cultural and socio-economic factors, among others,
increases the likelihood of mycobacterial transmission, consumption of raw animal products
including raw milk, meat and drinking untreated water poses a risk of transmitting mycobacte-
ria to humans [20]. Earlier reports associate the consumption of raw milk and meat with extra-
pulmonary TB [24–26], and Ameni and colleagues [27] reported no association between con-
sumption of raw milk and occurrence of human TB. In agropastoral communities milk is often
produced and consumed at household level as opposed to milk pooled for a wider commercial
Table 3. Knowledge about some known risk factors for mycobacterial diseases in northern Tanzania, 2011–12.
Response Total Patients Relatives Neighbors
n (%) n (%) n (%) n (%)
All respondents 164 (100) 41 (100) 68 (100) 55 (100)
Yes, I know a risk factor 64 (39) 21 (51) 28 (41) 15 (27)
No, I don’t know risk factors 100 (61) 20 (49) 40 (59) 40 (73)
Selected known risk factors
Living with a person with TB 20(12) 6(15) 9(13) 5(9)
Sharing eating and drinking utensils 11(7) 5(12) 6(9) -
Infectious diseases can transmit 11(7) 4(10) 5(7) 2(4)
Having ever suffered from TB 7(4) 3(7) 3(4) 1(2)
Inhaling infected air from coughing person 7(4) 2(5) 3(4) 2(4)
Coughing or fevers 2(1) - 1(1) 1(2)
Dirty environment 2(1) - - 2(4)
Attending public events 1(1) - 1(1) -
Witchcraft 1(1) 1(2) - -
Congestion 1(1) - - 1(2)
doi:10.1371/journal.pone.0130180.t003
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purpose which is pasteurized. Therefore milk has minimal role in transmitting mycobacteria to
people other than the household.
We showed that among TB patients the perception of risk and exposure to it was statistically
associated for people sharing dwelling with TB patients and livestock keepers, whilst other risk fac-
tors were not. This underlines the fact that knowledge about risk does not in itself create a protected
environment, as many other circumstances play a role. Furthermore, in our analysis the relation
between the timing of the exposure and the perception is not known. Measures for protection from
TB patients were still in place in hospital isolation wards during the initial weeks of treatment.
Although awareness does not necessarily translate into behavior, these findings have public
health implications calling for appropriate community interventions to reduce the risk of
Table 4. Perceptions of being at risk of mycobacterial diseases, by demographic characteristics in northern Tanzania, 2011–12.
Characteristic Consider being at risk?
Total Yes, n (%) No, n (%) Risk Ratio and 95% CI
Sex
Male 84 34(41) 50(60) 1.09; (95%CI 0.735–1.584)
Female 80 30(38) 50(63)
Age group
< = 20 14 5(36) 9(64) 0.66; (95%CI 0.310–1.419)
21–30 39 8(21) 31(80) 0.38; (95%CI 0.193–0.754)
31–40 46 16(35) 30(65) 0.65; (95%CI 0.395–1.055)
41–50 26 14(54) 12(46) 1.00; (95%CI 0.632–1.583)
>50 39 21(54) 18(46)
Marital status
Married 119 49(41) 70(59) 1.24; (95%CI 0.775–1.968)
Others (single, widow, widower) 45 15(33) 30(67)
Region
Arusha 59 21(51) 38(64) 0.87; (95%CI 0.575, 1.314)
Manyara 105 43(41) 62(59)
District
Mbulu 106 43(41) 63(59)
Ngorongoro 18 3(17) 15(83) 0.41; (95%CI 0.143–1.184)
Arusha 40 18(45) 22(55) 1.11; (95%CI 0.734–1.676)
Type respondent
Patients 41 21(51) 20(49)
Relative 68 28(41) 40(59) 0.80; (95%CI 0.532–1.214)
Neighbor 55 15(27) 40(73) 0.53; (95%CI 0.315–0.900)
Level of education
No formal education 38 17(45) 21(55) 1.34; (95%CI 0.708–2.545)
Primary 99 38(38) 61(62) 1.15; (95%CI 0.639–2.075)
Secondary and above 27 9(33) 18(67)
Residence
Urban 47 18(38) 29(62) 0.97; (95%CI 0.636–1.493)
Rural 117 46(39) 71(67)
Occupation
Peasant 117 47(40) 70(60)
Employed 13 4(31) 9(69) 0.77; (95%CI 0.329–1.783)
Business 23 10(44) 13(57) 1.08; (95%CI 0.646–1.813)
None 11 3(27) 8(73) 0.68; (95%CI 0.252–1.827)
doi:10.1371/journal.pone.0130180.t004
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mycobacterial diseases in agropastoral communities in Tanzania and similar settings. Such
interventions include health education to improve awareness, perceptions and change in prac-
tice. For the interventions to be effective, both the community and health system has to address
the complex socio-cultural aspects surrounding the agropastoralists.
Our study has several limitations. Firstly; despite the reported findings, not all the 277
proven TB patients were enrolled into the study as many did not fulfill inclusion criteria. The
small sample size limited the analysis we could carry out from our research questions. Sec-
ondly; the presence of mycobacterial pathogens in the environment was investigated in another
study, but was not part of this study. Thirdly; as part of a larger study on mycobacteria, this
resulted into low sample size for some of the outcomes.
Conclusion
Our study shows that two third of the participants did not know a risk factor for mycobacterial
disease. Livestock keeping, sharing dwelling with livestock, sharing household with a TB
patient, congestion and consumption of raw meat were perceived risk factors for mycobacterial
diseases. The participants were exposed to some of these risk factors. Exposure to these com-
mon potential risks was substantial but perception about the risk was limited. Improving
knowledge about the risk factors may protect them from these serious diseases.
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